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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a metallic composite film, of 
which the metallic film and film support consist of two different metals or metal alloys and which 
contains a thin metallic film of a desired thickness and a metal film support having a porous 
structure. 

SOLUTION: A precursor of the metallic film is set on a nonporous precursor of the metal support, 
and a metal composite material is made between both precursors. The desired thickness of the 
metallic film is adjusted by the deformation of the metal composite material, subsequently the 
porous structure of the film support is produced. 
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CLAIMS 



[Claim(s)] 

[Claim l]In a method of manufacturing metal bipolar membrane which a metal membrane and a film 
base material become from two different metal or metal alloys including a metal membrane base 
material which has a metal thin film and porous structure which have desired thickness in that case, 
A manufacturing method of metal bipolar membrane which arranges a catalyst precursor of a metal 
membrane on a non-porosity catalyst precursor of a film base material, manufactures metal matrix 
composite among both catalyst precursors, adjusts a metal membrane of desired thickness according 
to modification of metal matrix composite, and is characterized by producing porous structure of a 
film base material succeedingly. 

[Claim 2] A method according to claim 1 of producing metal matrix composite using the roll clad 
method, explosive cladding, or diffusion welding. 

[Claim 3] A method according to claim 2 of performing modification of metal matrix composite 
using combination of rolling, a press, flow shaping, deep drawing, or such modification art. 
[Claim 4]A method according to claim 3 of making it change metal bipolar membrane into a small 
tube using the drawing-out method. 

[Claim 5] A metal membrane contains palladium or a palladium alloy, and it and a catalyst precursor 
of a film base material, A method according to claim 1 of containing a metal alloy of two phases or a 
polyphase, and producing porous structure of a film base material after manufacture and 
modification of metal matrix composite according to electrochemical elution of an alloy phase 
beyond one or it of a film base material. 

[Claim 6] A method according to claim 5 of a catalyst precursor of a film base material containing an 
eutectic alloy, and making porous structure form according to electrochemical elution of a phase of a 
base metal (electronegativity) more. 

[Claim 7] A method according to claim 6 of a catalyst precursor of a film base material containing the 
eutectic alloy AgCu, and making porous structure form according to electrochemical elution of a 
phase which is rich in Cu. 

[Claim 8]A way according to claim 7 a copper content of an eutectic alloy is 20 to 80 mass % to total 
mass of an alloy. 

[Claim 9]A method according to claim 8 eluted after 400-750 ** heat treatment in an alloy phase 
which is rich in Cu. 

[Claim 10] A way according to claim 9 a metal membrane contains PdAg23, PdCu40, or a PdY-alloy. 

[Claim 1 1]A way given [ from Claim 1 to 10 ] in any 1 paragraph a porous metal membrane base 
material has the thickness which is less than 100 micrometers and exceeds 20 micrometers. 
[Claim 12] A way according to claim 1 1 a metal membrane has the thickness which is less than 20 
micrometers and exceeds 1 micrometer. 

[Claim 13]In addition to a catalyst precursor of a metal membrane and a film base material, it has a 
catalyst precursor of temporary coating membrane which consists of a base metal alloy or a metal 
alloy, And a catalyst precursor of a metal membrane is arranged between a catalyst precursor of a 
film base material, and a catalyst precursor of coating membrane, Among three catalyst precursors, 
manufacture metal matrix composite and a metal membrane of desired thickness, A method 
according to claim 1 of adjusting according to modification of metal matrix composite, producing 
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porous structure of a film base material succeedingly, and making temporary coating membrane 
exfoliate thoroughly before formation of porous structure in a film base material, during formation, 
or after formation in that case. 

[Claim 14]In addition to a catalyst precursor of a metal membrane and a film base material, it has a 
catalyst precursor of second another film base material of non-porosity, And a method according to 
claim 1 of arranging a catalyst precursor of a metal membrane between a catalyst precursor of a film 
base material, and a catalyst precursor of the second film base material, manufacturing metal matrix 
composite among three catalyst precursors, adjusting a metal membrane of desired thickness 
according to modification of metal matrix composite, and producing porous structure of a film base 
material succeedingly. 

[Claim 15]Metal bipolar membrane a metal membrane's having a thickness of 1-20 micrometers, and 
an average pore size of a film base material exceeding 0.5 micrometer, and being less than 10 
micrometers and which has a metal membrane on a metal membrane base material which has porous 
structure. 

[Claim 16]The metal bipolar membrane according to claim 15 with a larger average pore size of a 
film base material than thickness of a metal membrane. 

[Claim 17]The metal bipolar membrane according to claim 15 or 16 in which a metal membrane 
contains palladium or a palladium alloy, and a porous membrane base material contains a metal alloy 
of two phases or a polyphase. 

[Claim 18]The metal bipolar membrane according to claim 17 in which a film base material contains 
an eutectic alloy. 

[Claim 19]The metal bipolar membrane according to claim 18 in which a film base material contains 
the eutectic alloy AgCu. 

[Claim 20]The metal bipolar membrane according to claim 19 whose copper content of an eutectic 
alloy is 20 to 80 mass % to total mass of an alloy. 

[Claim 21]The metal bipolar membrane according to claim 20 in which a metal membrane contains 
PdAg23, PdCu40, or a PdY-alloy. 

[Claim 22]The metal bipolar membrane according to claim 15 which has the thickness which a 
porous metal membrane base material is less than 100 micrometers, and exceeds 20 micrometers. 
[Claim 23]Metal bipolar membrane which has a metal membrane between two metal membrane base 
materials a metal membrane's having a thickness of 1-20 micrometers, and an average pore size of a 
film base material exceeding 0.5 micrometer, and being less than 10 micrometers, and which have 
porous structure. 

[Claim 24]The metal bipolar membrane according to claim 23 with a larger average pore size of a 
film base material than thickness of a metal membrane. 

[Claim 25]The metal bipolar membrane according to claim 23 or 24 in which a metal membrane 
contains palladium or a palladium alloy, and a porous film base material contains a metal alloy of 
two phases or a polyphase. 

[Claim 26]The metal bipolar membrane according to claim 25 in which a film base material contains 
an eutectic alloy. 

[Claim 27]The metal bipolar membrane according to claim 26 in which a film base material contains 
the eutectic alloy AgCu. 

[Claim 28]The metal bipolar membrane according to claim 27 whose copper content of an eutectic 
alloy is 20 to 80 mass % to total mass of an alloy. 

[Claim 29]The metal bipolar membrane according to claim 28 in which a metal membrane contains 
PdAg23, PdCu40, or a PdY-alloy. 

[Claim 30]The metal bipolar membrane according to claim 23 which has the thickness which a 
porous metal membrane base material is less than 100 micrometers, and exceeds 20 micrometers. 
[Claim 31]Use of metal bipolar membrane given [ from Claim 15 as a gas separation membrane to 
30 ] in any 1 paragraph. 

[Claim 32]The use according to claim 3 1 for separating hydrogen from a gas mixture thing. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing method of the metal bipolar 
membrane on a porous membrane base material. This kind of metal bipolar membrane is used for 
separation of hydrogen from RIFO mate gas, in order for a gas mixture thing to dissociate and to 
supply fuel gas especially required for a fuel cell. 

[0002]For the purpose, precise palladium membrane or palladium alloy membrane is usually used on 
the base material of porosity or non-porosity in palladium membrane or palladium alloy membrane, 
for example. As a base material of non-porosity, it divides and the foil which consists of metal of 
hydrogen permeability is used. The penetrability of the film of hydrogen increases as temperature 
rises. Therefore, a typical operating temperature is 300-600 **. 

[0003]T. S. Moss and R. C. Dye [Proc.-Natl. Hydrogen Assoc. Annu. U.S. Hydrogen Meet, and 8th 
(1997), 357-365] And T. S. Moss, N. M. Peachey, R. C. Snow, and R. C. Dye [Int. J. Hydrogen 
Energy 23(2), To (1998) and 99-106 ISSN:0360-3199], the membranous manufacture and use which 
are obtained by giving PdAg or Pd to both sides by negative pole spraying of the foil from the metal 
of the 5th subgroup are indicated. Since the layer thickness given by both sides may change, 
asymmetrical components arise (for example, : 0.1 micrometer Pd/40micrometer V/0.5micrometer 
Pd). A penetration experiment shows 20 times higher hydrogen permeability as compared with Pd 
film by which the very thing support was carried out. Therefore, the indicated film is suitable for use 
of a PEM fuel cell system instead of the conventional contact gas purification stages (a water gas 
shift reaction and priority oxidation of CO). 

[0004]It is not connected with the British patent No. 1292025 Description, or use of iron as a non- 
porous substrate for a porous palladium (- alloy)-layer, vanadium, tantalum, nickel, niobium, or its 
alloy is indicated. Palladium layers are about 0.6 mm in thickness, and are given with a press, 
thermal spraying, or an electrodeposition process by the base material which has a thickness of 12.7 
mm. Subsequently, the thickness of the composite material produced in this way falls to 0.01-0.04 
mm with rolling. 

[0005]By carrying out mutual electrodeposition of the alloy metal from the 8th or 1 subgroup of the 
periodic table of palladium and an element on the metallic support body to which it is not stated 
separately in detail according to the Federal Republic of Germany patent 1 97385 13CNo. 1 
Description, Especially thin hydrogen separation membrane (thickness below 20 micrometers) can 
be manufactured. In order to change a mutual layer into a homogeneous alloy, suitable heat treatment 
may follow an electrodeposited process. 

[0006]The metallic material and the charge of a ceramic material are suitable as a porous substrate 
for a palladium (- alloy)-film. According to JP,H05-078810,A (WPDDS 1993-140642) in that case, 
palladium can be given by the porous substrate, for example by a plasma spraying process. 
[0007]Y. Lin, G. Lee, and M. Rei According to [Catal. Today 44 (1998) 343-349 and Int. J. 
ofHydrogen Energy 25 (2000) 211-219]. The palladium membrane (20-25 micrometers of thickness) 
of defective non-** can be manufactured on the tubular base material which consists of the porous 
stainless steel 3 16L in a nonelectrolytic plating method, and can be incorporated as a component in a 
steam reforming reaction machine. With the working temperature of 300-400 **, the refined RIFO 
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mate containing 95 volume % H 2 is obtained. However, the optimal working temperature range at it 

which is restricted extremely, that is, less than 300 ** palladium membrane, When it exceeds 400- 
450 ** to the embrittlement caused by hydrogen starting, it is spread in palladium layers, and 
penetrable inferior-ization is imitated, and the alloy content in a stainless steel base material is **. 
[0008] A nonelectrolytic plating method is preferably used for covering a ceramic base material. For 
example, CVD coating by palladium of the unsymmetrical porous ceramic used in the methane 
steam reforming reaction machine for separating hydrogen from a RIFO mate is indicated by 
E.Kikuchi [Catal. Today 56 (2000) 97-101]. The minimum thickness is 4.5 micrometers. The more a 
layer is thin, the more the airtightness of a layer must have been guaranteed any longer. In addition 
to CVD coating by pure Pd, coating with a palladium alloy is also possible, and an alloy with silver 
prevents embrittlement of palladium membrane in that case, and the permeability of hydrogen is 
increased. 

[0009]In addition to pure hydrogen separation membrane, the film which prepares the reactant layer 
for the use in a fuel cell system in addition to hydrogen content delaminate (palladium) is indicated 
repeatedly. Therefore, the porous substrate of the palladium (- alloy)-film may be covered with the 
field which is not covered with Pd, for example by the combustion catalyst. The heat emitted on the 
occasion of the combustion in respect of reactivity is used for maintaining the operating temperature 
of hydrogen separation membrane simultaneously (the European patent publication of unexamined 
application 0924162ANo. 1 Description). Such a component is incorporated behind a reformer in a 
refining process, or is directly incorporated into a reformer (European patent publication of 
unexamined application 0924161ANo. 1, the No. 0924163A1 Description). 

[0010]To hydrogen separation in the fuel cell field, are not only usable in palladium membrane. The 
concept of use of the layer membrane in which an assembly is universally possible is introduced to 
the European patent 0945174ANo. 1 Description. 

The layer which this is fine porosity and consists of the plastic of discontiguous-selection nature, two 
or more ceramic layers, and/or metal (preferably the 4th, 5, or 8 subgroups) of discontiguous- 
selection nature may be contained, In that case, these layers are given on the porous substrate (glass, 
ceramics, a metal foamed body, carbon, or porous plastics). 

[001 l]The purpose of development of the metal membrane for separation of hydrogen from a gas 
mixture thing is to obtain the high transmissivity of hydrogen. For the purpose, a metal membrane 
must be formed as thinly as possible so that the leakage of the form of a hole may not arise in that 
case. Such a film is processed only in the supported form and it deals in it. The film base material 
must have high porosity, in order to have the smallest possible influence to the permeability of 
hydrogen. Therefore, in the case of the publicly known manufacturing method of the supported film, 
the difficulty of carrying out the separation deposit of the film without a defect on a porous substrate 
exists. Under the present circumstances, two problems arise. How to have been indicated, for 
example for the separation deposit of palladium or a palladium alloy can guarantee first the 
membrane layer which does not have a defect relatively to one from specific thickness. This 
minimum thickness is in about 4-5 micrometers, it which needs for the covering art used for giving 
of the membrane layer to a porous membrane base material top not to exceed a value with a specific 
average pore size of a film base material on the other hand - that is, - otherwise, it is because 
covering which is connected and a defect does not have is unable to be given. Therefore, the aperture 
of a publicly known film support material, for example, a porous ceramic, or a porous metal base 
material is less than 0.1 micrometer. It will be said that this cannot fall to the range of a value with 
desirable flow resistance of the gas which passes along fine pores. 

[0012]The electrochemical process which manufactures the film of fine-pores non-** protected with 
the porous metal object which uses palladium as a base by the international patent application 
official announcement of7[ 89th ] No. 04556 Description is indicated. According to said method, 
alloy foil (preferably brass) produces the palladium (- silver)-film of fine-pores non-** on a porous 
metallic support body by what is electrodeposited with palladium or palladium / silver by one side 
(thickness of palladium layers: about 1 micrometer). The porosity of a base material is produced 
afterwards according to elution of the base metal ingredient from brass foil. Although elution is 
performed electrochemically and both base material ingredients are first taken in a solution in a 



http://ww4.ipdl.mpit.go.jpte 3/23/2010 



JP,2002-153737,A [DETAILED DESCRIPTION] 



Page 3 of 6 



cyclic process in that case, the separation deposit of the noble metal component is carried out again 
directly at palladium layers (electrochemical recrystallization). since fewer noble metal components 
of the alloy of the form of foil advance quantitatively in a solution operationally in that case — a 
porous metal object — porous copper body remains as a base material for palladium / silver-film 
preferably. 

[0013]The brass foil used as a base material dissolves thoroughly the method by the international 
patent application official announcement of/[ 89th ] No. 04556 Description as a matter of fact, and it 
has the fault that it must newly assemble again by electrochemical recrystallization. Thereby, the 
junction between palladium layers and base material foil is destroyed. The mechanical strengths of 
the recrystallized foil are few, and the porosity is indefinite. 
[0014] 

[Problem(s) to be Solved by the Invention] SUBJECT of this invention was [ for manufacture of the 
metal bipolar membrane for separating hydrogen from a gas mixture thing ] easy, and was indicating 
the method which expense does not require. Another object of this invention is metal bipolar 
membrane in which the film base material has the high porosity (an average pore size and pore 
volume) which is not realized until now. Metal bipolar membrane with a larger average pore size of 
a film base material than the thickness of a metal membrane is an object of this invention. 
[0015] 

[Means for Solving the Problem]This object and another object of this invention are solved by a 
manufacturing method of metal bipolar membrane containing a metal membrane base material which 
has a metal thin film and porous structure which have desired thickness, and a metal membrane and a 
film base material consist of two different metal or metal alloys in that case. This method installs a 
catalyst precursor of a metal membrane on a nonvesicular catalyst precursor of a metallic support 
body, manufactures metal matrix composite among both catalyst precursors, adjusts thickness of a 
request of a metal membrane according to modification of metal matrix composite, and it is 
characterized by producing porous structure of a film base material succeedingly. 
[0016]That is, according to this invention, for manufacture of metal bipolar membrane, a metallic 
foil of fine-pores non-** is left with inner substance. In that case, a metallic foil which has a 
thickness of 50-100 micrometers is used for a actual gas separation membrane. Foil of this thickness 
is the metal engineering method, practically, is manufactured by fine-pores non-**, and is sold at 
quality which stood high. This foil is installed on a thicker metallic foil (or sheet metal), and this 
forms a film base material like backward. Then, metal matrix composite is formed among both 
metallic foils. This is preferably performed using the roll clad method, explosive cladding, or 
diffusion welding. A result is a two-layer lamination. Defecating the contact surface carefully and 
carrying out surface texturing by a publicly known method, before junction of a metallic foil, 
deserves recommendation. 

[0017]In the case of manufacture of metal matrix composite, reduction of a certain specific thickness 
is already performed by this method. Another deformation process is continued using combination of 
rolling, a press, flow shaping, deep drawing, or this modification art until a metal membrane of 
desired thickness is attained by this. For this reason, heat treatment between required measures, for 
example, each modification, is publicly known to a person skilled to metal. A form of completed 
metal bipolar membrane is not restricted to an even film in that case. Metal bipolar membrane may 
change into various geometric structures rather, and this has additionally the advantage [ mechanical 
stability / the ] substantially of being better than an even film of the same wall thickness. For this 
reason, usable art is rolling, a press, flow shaping, or deep drawing, for example. In particular, 
modification of metal bipolar membrane to a thin small tube can be mentioned using the drawing-out 
method. 

[00 18] A ratio of thickness between a metal membrane in completed metal bipolar membrane and a 
film base material is in 1 ;5-l :20 preferably, and ****s in a ratio of thickness of start foil before metal 
engineering processing. 

[0019]Metal engineering manufacture a metal membrane was indicated to be has the decisive 
advantage that it may originate in a metallic foil without quality fine pores to publicly known 
coating, and even if flexibility of the fine pores also responds to a modification process, it is 
guaranteed. 
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[0020]First, porous structure of base material foil is produced after an end of a modification process. 
Porous structure is the open pore structure of having statistical distribution of regular hole structure 
which can be manufactured, for example by chemicals, Electrochemistry Sub-Division, or a physical 
etching process, an aperture, and fine-pores arrangement. Preferably, the latter structure is used. This 
can be produced by a catalyst precursor of a film base material containing a metal alloy of a two 
phase or a polyphase, and making one or an alloy phase beyond it electrochemically eluted from a 
film base material after manufacture and modification of metal matrix composite. 
[0021 JPreferably, a film base material contains an eutectic alloy and porous structure is formed more 
by electrochemical elution of a phase of a base metal (electronegativity) in that case. For example, 
especially the eutectic alloy AgCu containing a phase which is rich in a phase which is rich in Ag, 
and Cu is suitable. It is eluted very easily and a phase which is rich in Cu is sold at an 
electrochemical process. Most phases which are rich in Ag are still untouched in that case. 
According to the international patent application official announcement of7[ 89th ] No. 04556 
Description, to being eluted thoroughly and redesigned, a skeleton hard from an alloy phase which is 
rich in Ag is obtained, and a film base material **** s at the stability of - film base material, and has 
an effect of plus according to this invention. 

[0022]Since another advantage of a method by this invention is in the ability to be adjusted [ whether 
field structure of a film base material of metal of a two phase or a polyphase changes with selection 
of alloy composition, and heat treatments of a specific range, and ], it enables intentional control of 
porosity of a film base material. The aperture can change with these methods in the far more big 
range rather than based on a traditional method. For example, it is also possible especially to form an 
average pore size of a film base material more greatly than thickness of a metal membrane. 
Preferably, its best is done in an average pore size of a film base material to become for it to be 
larger than 0.5 micrometer and smaller than 10 micrometers. 

[0023]Preferably, a copper content of an eutectic alloy is 20 to 80 mass % to total mass of an alloy. 
Before elution of an alloy phase which is rich in Cu from a film base material, metal bipolar 
membrane is applied to heat treatment at 400-750 **. It is again canceled by structure modification 
caused by modification process, and, on the other hand, thereby, the porosity of the after that of 
structure of a film base material and by extension, a desired method can be affected. 
[0024]It is carrying out suitable [ of a proposed method ] to manufacture of a metal membrane 
supported from various materials. However, a metal membrane contains palladium or a palladium 
alloy which has the desirable especially advantageous characteristic as a gas separation membrane. A 
suitable palladium alloy is PdAg23, PdCu40, or a PdY-alloy, for example. 

[0025] Another feature of this method is the fact of structure of an interface of a metal membrane 
being given by a surface structure of a metallic foil used by manufacture, being comparatively 
smooth by extension, and obtaining. Generation which porosity in a film base material follows 
affects a chisel un-substantially at a surface structure of a metal membrane. Therefore, a completed 
metal membrane has very homogeneous thickness, and is substantially smooth. 
[0026] When manufacturing a gas separation membrane, its best is done in the slightest possible 
thickness in order to contribute a film to high hydrogen permeability. A gas separation membrane of 
palladium which has the thickness which exceeds 20 micrometers, or a palladium alloy is only 
hardly interested in separating hydrogen from a gas mixture thing for high expense of the precious 
metals, and few of its penetrability. It is still more nearly very difficult to obtain a film which has the 
thickness below 1 micrometer by a proposed method on the other hand, and it may have many 
defects. Moreover, the permeability of gas which is not desirable also increases by this slight 
thickness. Based on an operation of these both sides, separating power of a film which has the 
thickness below 1 micrometer falls to a value which must have been permitted any longer. Therefore, 
a gas separation membrane which has a thickness of 5-1 micrometer is preferably manufactured 
using this method. 

[0027]It is used in order that a porous metal membrane base material may protect a thin metal 
membrane as compared with a metal membrane supported by freedom of the same thickness, and a 
film base material should carry out [ inferior ]-izing of the permeability of bipolar membrane as 
small as possible in that case. On the other hand, the minimum thickness with a specific film base 
material is required in order to ensure mechanical stability which needs bipolar membrane. 



http://Avww4.ipdl.inpit.go jp/cgi-bin/fran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww... 3/23/2010 



JP,2002-153737,A [DETAILED DESCRIPTION] 



Page 5 of 6 



Therefore, it should be less than 100 micrometers, and thickness of a film base material must reach 
and must not be less than 20 micrometers. Its best is preferably done in a 50-20-micrometer-thick 
film base material. 

[0028] A method indicated until now produces metal bipolar membrane according to metal 
engineering modification of arrangement made two-layer [ of a catalyst precursor of a metal 
membrane and a catalyst precursor of a film base material ]. In order to improve processability in a 
metal engineering modification process, it is advantageous to a specific material combination thing 
of a metal membrane and a film base material to make a metal membrane temporarily equipped with 
coating membrane, and it obtains in it. A base metal alloy or a metal alloy easily removable by a 
chemical method is chosen as material for coating membrane, without attacking a metal membrane 
or a film base material in that case. As for a front stirrup of formation of porosity in a film base 
material, coating membrane may be removed behind simultaneous. 

[0029]Naturally an already made embodiment to material selection for thickness in a metal 
membrane, an object for film base materials, and completed metal matrix composite and porosity of 
a film base material is applied to this strange method. 

[0030]In another strange method, the second film base material is used instead of temporary coating 
membrane. In this case, a metal membrane is arranged among both film base materials. After a 
modification process is completed, required porosity arises in both film base materials. Therefore, 
the second film base material consists of the advantageously same material as the first film base 
material. 

[0031]In this way, processing output of this strange method is symmetrical, and is the metal bipolar 
membrane of three layers, and both sides of an original gas separation membrane are covered with a 
porous metal membrane base material in that case. In the case of a specific material combination 
thing, this strange method also has good processability by the time of a metal engineering 
modification process rather than a case where two-layer metal bipolar membrane is manufactured. 
For this strange method, it is already mentioned in a Description about selection of material for 
thickness in metal matrix composite completed a row a metal membrane and for film base materials, 
and porosity of a film base material. 

[0032]Metal bipolar membrane manufactured by a method by this invention is used for separation of 
hydrogen from RIFO mate gas from a gas mixture thing especially preferably. Various strange 
methods enable manufacture of metal bipolar membrane in which a film base material has the high 
porosity (an average pore size and pore volume) which is not realized until now. It is the thickness of 
a 1-5-micrometer gas separation membrane preferably, and a film base material has 1-20 
micrometers of average pore sizes which exceed 0.5 micrometer and are less than 10 micrometers. 
That is, an average pore size in a film base material is able to use a method indicated above and to 
produce larger metal bipolar membrane than thickness of a gas separation membrane for the first 
time. Therefore, such metal bipolar membrane has the hydrogen permeability which stood high. 
[0033]This invention is explained still in detail by the following examples. 
[0034] 

[Example]Example 1: the strip (size: 30x0.07x500 mm) which consists of PdAg23 has been arranged 
between the strips (size: 30x1.0x500 mm) of two sheets which consist of AgCu28. Beforehand, the 
contact surface was defecated carefully and surface texturing was carried out mechanically. The strip 
of three sheets was welded together in the front face, and, subsequently it was made to join mutually 
in metal engineering by the hot-rolling clad method. For the purpose, it continued under protection 
gas (argon) in the period for 20 minutes, the strip was annealed all over the tubular furnace at 600 **, 
it rolled on the roll body (200 **) subsequently preheated with 45% of deformation degree 
(Umformgrad), and the strip of one sheet was made to form. 

[003 5] Another modification for giving the metal bipolar membrane which has 0.1 total mm in 
thickness was carried out with the process annealing in 600 ** for [ in the inside of a tubular 
furnace ] 15 minutes under protection gas according to the conventional strip rolling on the cold 
conditions which have about 15% of deformation degree, and about 70% of total deformation 
degree. 

[0036]After completing a rolling process, it continued in the period for 30 minutes, and metal 
composite foil was covered over heat treatment under protection gas (argon) at 600 **, and was 
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defecated by cathode degreasing. Subsequently, anode elution was carried out with the fixed bath 
voltage of 220 mV [ the process of the inside of the sulfuric acid electrolysis solution which has 10% 
sulfuric acid operated with a potentiostat at 40 ** in ****** by Cu in an AgCu28-alloy, and 16 
hours ]. This produced open pore structure in film base material foil. 

[0037]The picture in metallographic tests and the scanning type electron microscope about the 
produced section of metal bipolar membrane which was produced eventually showed the porous 
AgCu support layer which has 3-5-micrometer thickness and has the degree of open pore, and 1-2 
micrometers in an aperture to the dense PdAg film which has adhered firmly, and both sides. 
[0038]Example 2: in this example, the gas separation membrane supported by one side was 
manufactured. It goes together in a gas supply side and bipolar membrane, depends for the advantage 
of arrangement of this one side, and it is a free larger inflow side about a low diffused resistor. 
[0039]The strip (size of 30x0.07x500 mm) which consists of PdAg23 has been arranged on the strip 
(size of 30x1.0x500 mm) which consists of AgCu28. The strip of two sheets was welded together in 
the front face. Beforehand, surface texturing of the contact surface of a strip was defecated and 
carried out as indicated for Example 1 . 

[0040]Metal matrix composite was carried out like Example 1, and was produced by the hot-rolling 
clad method. Further processing was also carried out as indicated by Example 1 . 
[0041] Example 3: in this example, the gas separation membrane supported on one side was 
manufactured similarly. In order to make a clad process easy, the second foil consisted of copper to 
having placed the strip (size: 30x0.07x500 mm) which consists of PdAg23 between the strips of two 
sheets, and one of them having consisted of AgCu28 alloy, and having formed the base material 
succeedingly. A copper strip is used only as temporary protection foil, and it is thoroughly removed 
between electrolytic treatment, and fine pores are formed into film base material foil. 
[0042] Example 4: tubular metal bipolar membrane was produced in this example. 
[0043]The circular plate (; [ 60 mm in diameter ] 1 mm in thickness) which consists of PdAg23 was 
placed between the circular plate of the lower part which consists of AgCu28 (; [ 60 mm in 
diameter ] 12 mm in thickness), and the circular plate of the copper (; [ 60 mm in diameter ] 8 mm in 
thickness) upper part. Beforehand, the contact surface was defecated carefully and surface texturing 
was carried out. 

[0044]The circular plate was inserted into the hydraulic press, and it pressed together with the 
compression pressure of 2000 kg/cm 2 , and metal matrix composite was produced. This produces 
reduction of about 10% of thickness. In this way, from the produced composite material plate, the 
cylindrical shape pellet which has 12 mm in diameter was started, and the wall fabricated by the flow 
molding method of the opposite direction using the hydraulic press from the inside to the tubular 
blank which consists of a copper layer, 23 layers of PdAg(s), and 28 layers of AgCu(s) outside. The 
conventional tube drawing draws out a tubular blank after heat treatment for 20 minutes, and forced 
cooling at 600 ** under protection gas, and the pipe which has an outer diameter of 2 mm and 0.2 
mm of all the wall thickness at two or more processes is made to form. Process annealing which was 
suitable for sufficient softening annealing for the further modification between each drawing-out 
processes was carried out. 

[0045]The copper layer found out by electrochemical processing on the inner surface of a tube wall 
was removed thoroughly, and since the alloy phase which is rich in Cu from an outside AgCu alloy 
was made eluted, PdAg23 small tube of the thin wall which has a porous silver protector outside was 
obtained. 

[0046]Example 5: although Example 4 was repeated, since the circular plate of the copper used only 
for the temporary protection purpose was omitted this time, the PdAg surface existed in the tube 
interior before final electrochemical processing directly. Thereby, in the case of the especially small 
tube diameter, difficult elution of inner surface coating was unnecessary. 



[Translation done.] 
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0X0. 0 7X 5 0 0mm) ft 2 tt©* h'J v 7©Hfc 
St, ^©10[iAgCu2 8^6S:^ 

8*£#{*ft«/SLfc©K:*fLT, £r©?S«:Slfrp>& 
[0 0 4 2] 0IJ4 : C©0iJtfe^T, S«©^Ha-&il 

ft^b^-a-feo 

[0 0 4 3] Pd Ag 2 3^5>*5P3^7U-h (iSS 
6 0 mm ; J¥£ 1 mm) ft, AgCu2 8 (il6 0m 
m ; JP£ 1 2 mm) fr64STa&©RJS:/l'- FRtflB 

(i£@6 0 mm ; 8 mm) ©±g|5©P3^7 P b- h© 
■CB^fe. ^46, ^/ftffiftWMfcjf^ftL^-offiBiitt 

[0 0 4 4] R^^b-hft, 7XE7 p bX^{c|fAU 
^2 000kg/cm ! ©EffiET— WcfUZLT 

&is§*ffl*ti;ft. cn«, ttio%©»s©*^ 

1 2mmftW-rsP3tS®^U-y hft^JOfcU *E7U 

xftfflv>5ii^©^ii^jST% a^, rt»e>^ffl!i 

'SHI, PdAg2 3gStfAgCu2 8«^e)^^m 

©6 o o^ct-2 oftm<ommRxsimftimtc.Wk<D 

g5lffi*KJ:*)5l#aU a»©lST», 2mmOm 
St>*^iliP0. 2mmftWT5Sft^$-ti5o fi^© 

[0 0 4 5] tt^t^WMati t)Big©rtffi±fcHtti 
$n^«ft^(c|^SL, ^I<DAgCu^5C 
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mfo*mtz>m^m<D? d a g 2 3*retf»&ftfc. 

CO 0 4 6] 0»J5 : 0»4%«DigLfc*V ^gte-lSW 
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(51)Int.Cl.' 

B 2 3 K 20/08 
C 2 2 C 5/04 
5/06 

// C 2 2 F 1/00 6 2 2 

6 2 6 
6 2 7 
6 4 0 
6 7 2 
6 8 2 
6 8 3 
6 9 1 

1/14 

H01M 8/04 
8/06 

azmm% 

38 

(72)#g0J!# ?x/W— 

r7 35 
(72)J8»t i;KyX|- Fn-Xh 

y^'jy^" 11 

(72)|g^# )\yy\ 'vl/W ;Vf7- 

A*- 11 



F I 

B 2 3 K 20/08 
C 2 2 C 5/04 
5/06 

C 2 2 F 1/00 



T-V3-K (##) 



B 
Z 

6 2 2 
6 2 6 
6 2 7 
6 4 0 E 
6 7 2 
6 8 2 
6 8 3 
6 9 1 B 

1/14 

H01M 8/04 J 
8/06 R 

(72)»«J# o-x 

->'a-f'jy^ 3 

(72)«w# -> a f7rv 

a^^y^^uy^ 27 

F 4D006 GA41 MA02 MA03 MA04 MA09 

MA31 MC02X NA47 NA49 

NA54 NA63 NA65 NA69 PA03 

PB18 PB66 PC80 

4E067 AA08 BD02 DA01 DA04 DB03 

DD01 DD03 

5H027 AA02 BAH BA16 
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